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I. Introduétion e )

An Overviev; _» ' c. ‘ - K N \

The Personalized System of Inetruotion (P.S, I )e known _
~also as the Keller Plan in honor of its originator Dr. Fred Ke.ler.
Profesaor Emeritus, Columbia University. repreeente an alterna

n

tlve method of insiruction to both conventional lecturing and o

~o

programmed learning. Varioue features of this method have mad«
© 1t appealing to a growing number of disoiplines and echoolefl
'The usefulness of this, method in terms of where it works - best

and where it may not work at’ ‘all in comparison with alternativ
. ) , ' . s r o
methods will be evaluated only after a large number of classro.m . .

experimgnts have been run with it.” o

In ecoﬁ%mics few evaluations of this teohnique have bee,le
reported in the' literature.‘ Thoso “of which I am aware have be :n
conducted within the/environment of a large univereity and hav

evaluated the applicet&on of the tachnique to an 1ntroduotory X\_

2

economics course,” Since the traneferabilityeof experimental

. R

results across courses and acgges types of institutions is not
1. In June, 1972 the Personalized System of Instructidh Newe;
letter published by the Department of Psychology at’ Georget>wn
- University reported that it had been informed of some .19

courses being offered under the Keller Plan format for suoh
'~ diverse ficlds as Englieh.‘eooiology and mathematios,:

2., One experiment was cond ted at Vanderbilt by Ben Bolch. ,
. ". .Rendigs Pels and Robert Uhler and the other by Elizabath & r -
=~ ™ 7 Allison at Harvard, The results of the former experiment ' -
were reported at the 19?2 meetinge 'of the American Economi'cy-
Aeeociation. . Q\K . (

Y -
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_‘Ihegﬂgjure of'the ggrsongiizéd»§xatem of ;nstguotion

"o

"’at all obvioue. the' purpose of thia paper 1& to rcport on un

experiment which is difforontiated rrom proviouu studloo in tvc-

‘waysu (1) the P, S X, teoﬁnique was omployed on a mioroooononl«s{

courss, in which a one semester introduotory course was\e prere-

quisite and (24 "the experiment was conducted within the enviroz-

ment of a small 1ibera1 arts college (Williams) ;, _'
. - : y - 1\\ S

y . ‘ ' ‘ B ‘A ..h. "__‘ ’&‘
‘ The P S I. attempts to ald the student 1n mastering the

‘ course mdterial by allowing him to proceed *t his own. pace
_é(subject to sqme constraints discussed below) and by providing

l“ frequent anq,rapid feedback as to whether or. not he i

in fact mastering the material. Structurally. a typioal P. S, I

Acourae ia divided .up in 16 or so units, Each unit oontainsi

(1) an intrqduction, which relates ‘this unit to previous units W;
&hnd to “4he Jbody of the course in general. gz) a set of - objeotiJGS‘
i which the student is informed in a precise.terms_ae possibxe

exactly what the educational obdec,tiw?;

of that unit are.‘(3) A

38t of procedures by which these obﬁéotiyes may be satisfied aad ‘

(4) a set of sample probléms'or discussion questions that the
student can use to test his underetanding of the material befcce
1ng a teat. t ‘ |
"~ Although PIS.I.'éoqrsea hold normal olassroom hbufo. ne

lectures are dblivered during thééo hoﬁra,l Inqtoad the-timo

1, Speclal lectures are recommended by the originatora of P.S.I,
to gserve aes motivational devices., These lectures, which
would be open only to students who hava passed a particular

[ ‘%
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s usedifor'dlsthsion. 6xplnnatlon and todt takfhg._:lhg/ollu-
- ination of lectures al‘owe the introduotion of two degrees of -

l,flexibllity not 5enerally shared by lecture courses, In the

first place:it permits ‘the Ftudent to prooeed througﬁ the .coup: ¢

material at his own’ pace instead of forcing him to proceed at

" the predetormined ‘pace of the'lactures. This flaxibil Lty shou d"

be nterpreted qarefully. however. 'When the course has a fixa
deadline ;6;Tcompletion. as did the experiment descriﬁed here.
the value of selr-paoing 1ies not in allowing the student rore
time, for 1t does not do that, but rather. in allowing the atud nt
greater flexibility in allocating the time he or she apends on
the P.S, g course over; the oourse of the semester. )

| The second degreo of flexibllity offored. by the P.S. I,
is that-inatead of spending time in the claasroom leoturing
the professor is available during these hours for indLyldgal

consultation and disoussion?witﬁ studenta, Afhis contact with

‘the student is personal in the sense that the discussion with
~ the student can be orientedipq tﬁé apeciftio problfhs and speci 'i¢

interests of that student. It is thid kind of one-on-one com=

munication between proresaor.and exudent'vhioh accounts for th.

"Personalized' in P. S I, One professor could not possibly gra @ -

all the tests, which provide the main' flcw of feedback to the

unit within a stipulated period of time, would presumabli :
interesting applications of what was learned in the previou.
units. The materlal from these lectures would not be subje .t

to testing, These special lectures were not used in ihis
experiment, -
' - <1 )

&
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‘ studaht. and ontry on. thla klhd brftétorlal relat .onehip ilkh

“the studtmgu in ooursou largor than 5=10° utudonts uithout tho
| formation of large quouca of studcnts walting for access to the
professor. To ul;ovigto_thid problon‘thc faculty meamtier is
: ,assiéted by undorgraduato prootors whbsekjbﬁ 1tf1»itowgrade,o;éqs
\»and provide answers to the easier queationa. Exp)rianca'hae shown
| that one proctor for eaoh ten students provides a reabonahle
baaia for adequuta feedback and diacusslon. '
. The studemt procesds thrOugh the course un 8 by unit.
He pasaes on to the next unit only when he has dexonatrated
mastery of the previous unit, Maatory is denonst'atod by the
“achievement of a perfoct or near perfeot aoora on a unit test.
The teasts are commonly made up or short angwer: quustlons which' ‘
can be quiokly graded by one of ‘the proctors 1n t~ont of the
student. In the case of mlissed questions the stulent is sent
back.to master a speoific body of material, When he feels he
has mastered {he material, he can take a difteren; test on the
samé material, | |
The grading of a PS8, I, couree dirterc fro: tho conven-
tional course in a couplo of ways, In tho‘firat rlaoe railureu
_on unit tpsts have no direct effec} onzhougsd gru&g. Thoy mcroly,
slow the student down, .The second agpect of P.S.. grgding is
"tpat it involves a form of cont?aot betweon tho“ﬁrofensor and
the. studeni. AS the Bemester starts both the stulent ;nd’the
professor know exactly what has to be done ror an A+, an A. a
B and so forth. This can be ~optrasted ‘with the onventional

N . ,
b
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_Fpractice of curve grading in whioh aome diatributi)n of grados

13 euporimpoeed over a clnss ranking. Tho rornor ;rndlng aybteu

- tends to be baged on nore absoluto standards or ma:tery of ’

material while the 1attur tcnds to be mora rolativa. .

| Thero are other difreronoos between P.S. I. and the .
_ traditional leoture method a8 well. In P.S.I, knorlcdge is
transmitted primarily via the written word as contcastod with

'the mainly verbal tranamission in a leoture course. Since read-

ng and asainilating material do not draw upon the. same ekills

as 1iaten1ng and ‘note taking, the two approaches could ~conceptu~

ally lead to dlfforent distributions of loarning emong atudonte.

5

LY

_II. The Nature of the Experiment

- N .
' 4 ] : ’ : !

- Background
, The typea of eduoational objectives which ¢haracter1ze
an economics education range 4n complexity from tle nemorization

of simple-definiticns and facts to the acquisitior. by the ‘student

- of the ablliity to reason analytically in an unsir.ctured environ-.

ment. - While the P.S.I, seens peffootly appropria e to saticfy
~ the éimpler cducaficnal objacf;vas it is losc cle:.r that the -
mcthodfis appropriate for achieving the more comp. ex objeotivea.
The* questions used to test the depth of underatan<ing on these
more complex and unstructured applications are by the‘r very

nature essay questions which are "not qulckly grad.d and which

!

K
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'ere_eer%ainly much less amenublektd'prdetdr'é§ad;n; than more
objective tests, These eharacterlatiea make 1t di’flowdt to '

»

incerporafe LN duoetiena‘into the dnit tests,. ince the ﬁnit :
'_'teste are the main means of reinforolng what the siudent learne, |
+ this raiaes the question as to whether tue ‘use. of the P.S, I. ‘
might preclude this important ‘form of learning.l o .: i» 
Ty The P S I. eource designed(;or this experinant attempted
‘rto !tffila¥e this type of Jearning by taking “two steps._ First 5
-0t all the diecuaelon questions 1n the units which are designedmf
o to guide the student 1n his mastery of the materlel included
; uqetructured esaay'guestions. Secondly, it was enphasised that
althehgh this kindfor:queétldhﬁwogld”not appear'pr the }.S;I,
f‘ unit tests it would appear on the'finel. ‘The ple} wes'thét theA‘
| discussion questions weuld’focﬁe the'btudent‘s thinking onvthis,
type of loarning and the promise that essay quest’ons ‘would appear '
on the final oxaminat on}wogld drive the student "o the profeasof
to see how one might g0 bout deeling with these |inds of ques~
| tions.. From there the P ofessor coulqﬁcapitalize on the oppor-.
tunity for a onebtoeone relationship.previdod‘By ~he P.S.I. to
think through thess problems with the student. .
, So much for the objectives of the course. :eroeived'g
pz;gg; limitations of P S.I. end modifications to attempt to

——

1 A more serioue concern would be that the facul'y member'
behavior would be altered as well, When the ficulty member .
discovered what kinde of learning were bLest ac:omplished :
under the P.S,I. he may well be temp*ted to ell inate all
other forms of 1earning to improve the performxnoe of his
atudents. ( o




" a lecture,

~ vevaluation. Theae instruments are so central to thie evaluation

&7&,_ , fe
' , . - . St . ', ,

. . - : ) . ’ \.‘ : ’ R
deal with them. The expe;iment we designed to seb how this

L method of teaching could eoeomplieh these goals. Tho rest of ,
3 the paper ‘summa;-izes the detalle ef the experiment and tki'reeults '

which were derived rrom it.A, P , o ' ;-V.

.~

- A total o{ 92 students were. alloeated to three eeotions\

of nicroeeonomice.- Two of the eeotions were taught in a oonven

>'tional leetufe rormat and the final section was taught in the ,
 p.S.I. rormet. All ‘three eeetione met for twq one and one-half'

hour periods a weeka Each etudent was exposed to the same bod§;

of ‘material, :The course was based on aiconventionsl text uhich~

‘all'eeetions used, The P.S.I. eeetion etu&enta had- the text
.supplemented by wr;tteﬂ handoute whlch coneieted of the kind of7

elaboration and/br elavification that, would ordinarily ocour in5'

s~
oy

~ All students were‘adminietered a common final examination. -
The experiment was designed to compare the 1ecture eectiona wlth
the P.S.I,. 'section both on the . input eide (e.g.. student tine,

faculty time; material. cost) and output side . (e.g.{ final exam

' gcores and student perceptions ef the' value of the educational

experience). On the output eide the empirical teeting wag baeed
upon two instruments -- the final examination and the course

that: they are separately desoribed below. but firet their role

in' the experiment will be discussed,
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. soores aorods seotions.

. Lo ’ AR v
L b
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Y -

..The first analysis was porfornod on the finnl exnuination

scoras. 4The techniquo of rogression analysis was uaed 10 1eolatof 
'1nsbfar a8 possible the unique erfeots of the teaéhing method on '

'final Qxam eoore. Specitieally the answera for two questiona “‘

l"’ 2

(1) Were there observablo differences between the
-studenta in the P.S.I. section and the students -

' in the leocture seotions “in their performance
.~ - on.the final examination aftsr controlling for
- , othpr vufious moasurgble influenoing factors?

(2) 1Is this dirferential. if any. uniform across.
| 8tudents of different abiliities 'or 1is. the per- -

' formance differential higher for gtudents with
. - @-record of successful past performaice in- :
e - economics? or higher for students with » some-
C vhat lower 1eve1 of- perroruance in the past? -

1 ! The aecond unit o\\lnalyaie is the oourso evaluation form,
Sinee theaa are 'illad out anonynously. it ie nob»possiblo to .

analyais «t theso forna 1e restrioted to oouparisons o& uoan
SN

Two constrainte wero inposed 6n the oxperlmnntal design

been the cabo ir i+t were a conpletely oontrolled expor@nont.

’Manpower considorations dictated that no proressor ooulq toach
more than one aection.\\gﬁ}p made the 1sdlation of the teohnique :

difrerencos more difficuli because they wofe 1nteztwined with
differences in teaching ability among the fhculty mombcrs. The

method of controlling ror‘raoulty teaching dirrernnoas is- dis-
cussed belov. : : ' ‘\

s

, ;link tho . responees to a partioular student. Thorefore. the ' St

B S

“which made ‘the’ analysis somewhat nore diffioult than would have ' .

‘-
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Q ‘The second conatreint resulted from the desiro to be, fuir
“to- the etudents.. Fairness in thie onae trnnelatod into freodon
’ of,ehoioe. Students were notiried in . advance WhiCl eeotion was
. to be“the P.o.I. seotion and within limits were allowed to ohoose "
", the, type of i;:truotion theg would reoeivo.v The impaot of thie

ences in attitudes before the courae frpm attitudes,acquireq‘

o during the couree oirinetruotion. g
e - ' .‘

 tnw F_ingl mg}gtion . 1 - e

( ’ ‘ : S

"_ 2 The £inal examination waa worth a total of 120 pojnts,
It consisted of: thrae parts all equally weighted. The student
- wae aeked to anawer all questions. The firet part congisted of

ation-of~2-numerioal nroblems and,2.ten minute ditoueeion ques~
K\tions. The final part consisted of 2 twenty minu*e qgeetions.,

the firgt’ of which was a oomplex applioation of gtneral equili-

brium analysis and the last question wag'a multip&rt queetion

in which the student was faoed with euooessively lore diffieult

questions concerning the impact of alternative ta: ee\on'

—_—-_'.._.

1. An upper limit of 32 students was imposed on ti.e P.S.I,
. sectior, This 1imit forced about four gtudent:s who pronounced
\ - @ preference for ‘the P.S.I. geotion to attend . lacture session
instead, 1In addition not a1l students receiveu their firgt
cholca becauee of coursge conflicts. eto. .
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oonsumptLOn. Tha oxamination ¥a8, thoroforo. oonposed of a
Evariety of question typaa and booauao of thlg, it atfords tho
‘ oppogignity to‘afaw 1nferonoes about the robustneus or stude&*
’ranxﬁgg with respect to the structure of tho testing inetruuent.
v '~ The examination wag put togothor from a pool of questions
"aubmitted by the threo faoulty membars. To avold possible biaaes
in grading eaoh raculty momber graded one part of the oxaminatlon
for all 92 studente\withOut knowing whioch student's paperwae -
’being graded, Berore the grading oommenced soales were drawn up '
for each .of the tnree parts to insure that an A answor on Part’ I |
' would be worth o//gg}y the same amount ot points us an A on Part

O & and- 80" forth. R | o m

[

‘L&_g_gghe our “.ﬁ.lu&ﬂsm

ro ‘

i The course evaluatiou form used in this roport is the
standard instrument administered to almost all courses at _15’
waliams COIIege. (A copy of this form is attached as Appendix
A.) On thia form students are asked to rate the profossor on,

‘Avarioud traits usually associated with good teaohing and the
ieourae in terms of 1ts educational valuo. These ratinga are
based on an ordinal scale from one to sevon with a soore of
seven carrying a connotation of outstanding, In asdigning theso_{ '

 ratings the students are asked to oompare ‘the professor and oOurao |
being rated with other raoulty mambers and oouraes they have had

at w1lliams. D j' o . \\\

4




Potential Biages ;ﬁtlnte;p:ejigg the Resulig

‘» *There are a nuubef of dangers in using the results in
this. experiment as a basls ror drawing conclusions about the
efrectiveneee of the P.S.1I, for other populqtione. The main
potentlal blas in using this experiment to foreeaeb etudent per«

| rorm%pce in repeated application of this P.S.1. course over time
would be experimenter bias.ll Past experimente with humahe have
lndicated that the experimenter is not a neutral part ‘of the

' ‘experiment. Hie motivation and expeetation can 1nfhuenee the
performanee o the etudenter It, as 17 watural. with repeeted
applioation this motigatlon or the faculty member dininiehes. 80
“may the perrormanoe_of the students. While there is every reason o

to’capitaliie'on\thie bias.in ths short run as a ueans of inoreaahi

‘ing 1earn1ng. the performenee difrerentiele which are due eolely ;5_ .

" %o thie experimenter blas may well disappear in thre 1ong run.
X second poeeible biae. whioh aets in the. opposite L
direotion. in uelng the reeulte of thle experiment for forecaet—f v‘
ing the results of repeated epplieatlon Atems froﬁithe fact that
the maferiale for this course were ueed for the f‘ret time,im
this experimept. certainly as experience ie gainced in their
usefeignlficaht-inprovemente in them can be ‘achleved, This'biae
would work to increase the per{o}mance of'&he P.S.I. atudents

vis a vis their oolleaguee_in,the lecture seotiont.

-

-

1, Aigood short: descriptlon of types of experimen-er blas can be
» found in LeOnard P. Ullmgn and Leonard Krasner. A Psychological
Agff%?gh to ehavior (Englewood Cliffus Prentice-
Hall ¥ Inc,, » PP. ’ ' -

L 4
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Other blases might exlat if one were to avirmpt to extra-

polate the reeults of thia‘;xperlnent to other poptiatkonn{

The success or failure of a pertioular P.S.1, oovbse is depcndent
e

. upon the quality gf ‘the materlals, the quality of the tutors and
 the type of etudent enrolled in the course. These will vary

widely among courﬁee and schools and difverent condinations of
these (aotors will,y&eld'dirferent’ngrees;of succass or fallure.

Loy
wA i
w

Protile of the §amp;e

N - ! ,/" '
e . ),
“+

Table 1 presents 1nformation_which iS'usefyl‘gor two
1

purposes. It portrays the means of some of the input charao- :

\

teristioe of the etudents whioh glives a feel ror 1he oomposition

of the sections. Secondly, it pernits the testine of the

nypothesis that allowing students to select their vethod of

teaohing would - lead to qpite ditferent student oozposition 1n |
the two types of seotions.‘ Iz, for example, the gtudentaewho -

“had experlenoed the most success In ooonomiobhin 'he past’felf'

: that the P.S, I. seotion oftered the beut opnortun A kor them,

whlle’the atudente who had experienced somewhat 1ower &yooess

: felt that the 1ecture method was ‘the best for then. the mean

economics grade point average ghould be signifieantly higher
for the P.S.I, section. ’

a

1. Out ‘0of the 92 studente who ook the course onlr»80 had con-
g lete background records/which were usable for the anslysis,
f these excluded 12 redoyds 6 were women exchinge students

d 4 were foreign stud « Both groups .had 7ither not taken

the college board teats or had not had their s jores recorded

“ on thelr wil%Iams record, The remaining two ojservations were
droppéd Dhecafise the final ‘examination which thyy took was’'not
directly comparable to the exam taken by all T,her students.

/ N
f I
/
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. o TABLE I | |
b Q Mean Values of Selscted Student Characteristics S
S : for Lecture and P,S.I, Seotions ‘
xsriable‘f - P.S.I. "'4Lecturs“» leference,of’:
: R - Section  Seotions  Means t-ratio
Co \Msan Economics Grac‘.e1 | 8434 S 7482 1,290
s, Point Average ‘ N o -
Mean S.A.T. - Math® . 680.,5 6828 0,165
< 0 Mean S.A.T. - Verva1? - 635.9 6254 0,632
. Mean Age N o192 192 . 0,000
e .1This'§rade point average is vased on a 12 point scale.
An 8 18 a B ‘and a 7 is a B-, .
A o " . 2hese are thc ‘scores received on the Soholastio
o - . Aptitude Test of the college Bntranoo Examination R

Board. | ‘ .
fTo‘fest for a difference in studentaoomposition'betwssn
the two typss of sections resulting from allowing students to
select their own method of instruotion. ‘a series of dlrferenoe
.of means tests was run on the four variables given in Table I
1 Tt is not possiblo to .

reject the hyﬁothesis at the 90% level of oonfidsnoe that‘these

and the rssulting t ratios are glven,

two samples were drawn randomly from the same parent population.
In other words the differences ot means for each of ‘the three

variables are well within the range which can be attribvuted to

- 1. The description of the t-test used can be- found 1n Alexander /

M. ¥ood and FPranklin A, Graybill, Introduction to t 80
of Statigtics, Second edition (New York: McGraw H Book -
Company. Inc.. 1963). po 3060 . |

s
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sampling error,

. of sections are the same in termk\df these foungaiudent oharac-."

|
!
+ ]
Statistically the hypothoalo that the two typaa -E
teristics cannot be rojected. Apparently no cﬁggr advantage to. f
either method was peroeived uniformly by a aiqgle type of student‘ D

defined by the four variablea 1n Tableé I.l~f‘ ' , |

T

P 3

,.- ) o . ' ’ . ¢
‘ . L« II1, An\Analysls of'thgtodtput Measures

é .7‘ ThngZtnn cited advantages of using a F.S.I, method are: .

rC' (1) enhanced student performance. (2) better retention of mater='
\3a1 for longer periodé of time. (3) the etudents are enthusiaatio*
about tgﬁing P.S.I, courses and (u) the students are allowed a

' \much greater flexibility in allocating their stud¥ time.

3
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.
o this gection the first, third and fourth of theae potential -
. |

adVantages will be examined within the context of the above- '

. deacribed‘experiment. Retention ‘will be examlned in agﬁnlow up - i

gtudy.in a couple of yeara. . s
Student Performance . L
- . R

The evaluation of student performance. based on the test-

ing 1nstrument deacrlbed ahpve, is concerned with thrae ques~

tions: (l) does the P.S.1. lead to suporlor performance? (2) , e

Sy RS

1, These results are in no way concluaive because all atudente
did not have completely free acceas to either section because ‘
of course. conflicts and the ceiling Imposed on the P,3,I, o
section, One can only. apeculate on how completely rree , '
access. would have changed the values in Table I,

A

-




T Em .,

| studenta entering the course with low grade point avoragou3 r‘

. "15° R ’ - . - \‘
. o _
what group of students seemed to benefit most from tho ) 8 S I,
-gtudents encering the aourse w‘!h high grade point averugos?
neither?\both benefit equall;? (3) to what extent are these
results aensitive to the form of the tosting instrument? |
The objeotive was to establish whother performanoo dlf-‘

" 0) o
abilitias. The method of analysis was to develop a 1ineprfmodc?.
0 predict the student'e performanco on the final exanination

Hﬁeed on his characteristios on entry into tho oourao.l‘ Thia

ferentials exist after cowtrolling for differences in. stu;!rt

- model can be rapreaented symbolically a8 N

(1)T1 ‘T-+3111+BZX2+..o+Bka+Oi

. where Ti is the tinal examinatlon acorb for the 1th atudent, o

_ and the B's are the paranotors to be. estimated, and tho X's
are- student charaoteristico such as aox. paat eeonomioa grado
point average. sooros ‘on the math and verbnl portlona of the

Scholastic Aptitudo test. age, eto, and the teaohing oxporienco -

~of the atudent 8 profeesor. The ey is a random disturbanoe torn
‘which capturea all of the other 1nr1uonces on atudont portornancc.

Por thé hypotheaee teuts wﬁlch follow this unobserved disturbance
term is assumed to)be normally distributed.
For this mddel there are two hypotheses to be tested.

%Qe,fifét hypothesis is that the introdudtion oflthe P.5.I, -
a8 : \ : : :
—————————— ﬁ -
1. The lipear specification was cqmpared to other funotional
- forzs which could be transforme zod;inear forms, The
linear|specification had the hi xplanatory power of
any ¢ ctional form in thie ola s. S
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TABLE II

b ' Estinates of the Parameters of a Linear
‘.Model to Prediot Fina% Examination Scores
' A ( N - 79 - .L“l . 7
SRR ; :,f _ ‘ Estimated "
griabl oL . Goefficlent’ 1.!&13&
.Economics grade point average | | 3.136 Aﬁ;ai 34700+
. SiA.T. - Math | 0,066 . 2.796%
S.Af. - Verbal : @ <0,003 - =0.156
Early Finall (l-early final; S 3,692 | ’-6.693 .
‘ Ouregular final) e _ IR
' Age of student (in yeara) ﬁi.659 n -1;055'-
Had math course at Willlams = © =0.161 -0,058 =
(1=yes). O=no) , . | , 7 : CoL
’ Sex (1=fema1e; o=nale) I8 3602 1,034
Teaching ex erience of proressor2 , 2.672 o 2.§73’*'
(1n yearsf o
P.S.I. (1=P.S.I.4 OfLecturo) TS L .’-oa197
© PuS,I.X Egononics grade polnt © 0.686 " 04 392
average o . . _

-4
KN

lrn 1nal was given a month early ‘to all P.S.I,
students who had finlshed the course and who wished
to take the early final.

Zohis v&riable. uged as a means for controlling for . -

+ differences in teaching oxperience across seotions,
wag defined simply as the number of years teaching

- experlience prior to the start of the experiment.,
That teaching experience is important and needs to
be controlled for was suggested strongly by ths
results in Richard Attiyeh and Keith Lumsden, "Some
Modern Myths in meachlng Economic¢s: The U.K. Exper=

fence The Ameri can gconomig Bgview LXII (Ma 1 2
429-#53. : ’ (May, 97 )s
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3Thie Anteraction variable is defined ae the eoonouioe
grade point average for P.S.I. etudents and 0 for eil
other students, ;

*+£Statis sically significant at the 995 level of
confidence,

emethodkoade‘noLdifgprenoe in the final examin;tion eoores,or -
equally experienoeo'f;oulty-membere. The‘verifioation of thie
hypothesis translates into a test that the coefficients on the:
‘last two variables in Table II are simultaneously sero.1 Hith‘
. an P value of 0.45 ror the test etatistic it is inpoaaihle to
reject the hypotheeie at any oonventional level of oonfidenoe. 
‘The introdnotion of the P.S.I. method made no etatietioaliy |
-eignifioant differenoe in final examination soores,
~The second hypothesis is that the P.S,I. method has no
disoernable differential impaot anong students who have experi-l
enoed varying degrees or success in eoonomios in the past. The
verifioation of this hypothesis translatee into a teet that ‘the
coerfioient for the interaotion Variable ‘(the 1aet variable in .,
‘Table II) is zero. The results of this conventional t-teat are
-, . presented in Table II, Once again it ie not poeeible to reJeot
‘ the hypothesis tor any conventional ievel of oonridenoe.

Although the difterences were not etatietionliy eignifioant. o

'they were preeent. The intereeting faot. ie that the oign of the

?

1. The. apprbpriate test is glven in J . Kmenta, Element |
- Econometrics (New York: The Maomillan Cou %97Ii. p. 371,
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TARLE III

Estimated Percentage Improvement in Flnal
Examination Socore Resulting from P,S.I. for

“s

| Students of Differing Abi tties S
| 5 e Percentcgcf
Past Economics Perforwance | : ,
' . _Higheat'Quartile - o ,j”n6»5$“‘
High Middle Quartile s 3
Low Middle Quartile o ' ‘f_=4 2’ h -
Lowest Quartile_  »_ ' | 8 L 2.3% ‘

‘ . \ * ; ) . ,
' coefficient on the 1nteracticn term was positive. Thls means . -
that the number of points 1mprcvement in expected rinal exal o, g
grade from switching to a P.S.I. seotion will be higher for
‘students with high economioe grade point averages than for etu-
-dents with 1ower grade poent averages, Ueing the coerrioiente ,j“w
presented in Table II 1t s poesible to oompute the peroentagc
‘1nprcvements for studente of diftering abilitiee. Thio is a .
puzzling and diecouraging result because one hope tor the P.S., I.
~ would have been that 1t would have been & boon for the less ublo

1 Because the course 13 based on maetery. one would

student, : :
-expect c.conpacting of the final grade distribution for the P.S.I,

]

1, It should be noted that more encouraging resultc were
"~ achieved usini TIPS,  See Allen C. Kelley. *"TIPS and Tech-
nical Change In Classroonm Inctruotion. American Rcopompic
Review, LXII (uay. 1972), p. 425, : ‘
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eection.l : - ‘ (”

Having exanmined tne results for the fins) exanination 1n
its entirety we now turn to the question of how eensltive these
~ results are to the rorm of the testing inetrunent. The underly-,ir
ing 1eeue which nakee this an important question-is the trequently
voioed suapioion that the P, s I, method is severely hanpered by
~ the fact that the unit tests, in order to provide rapid and

' rrequent feedback and be amenable to proctor gradlng have to
,coneiet primarily of shoxs, objectlve queations. The ergunent
L eis that if longer, more subjeotive queetione cannot appear on the !
unit teste then the learning procesaee whioh ere best evaluated
A by these methods will never take plaoe. The student, 1ndeed. 1e o
».eyetematicelly eteered away from these torne of leerning by 1lnit- **»“
N ing posltive reinforcement to the more objeotlvely evelueted R s
| skillé. Therefore. the argument oontinuee. the P.S.I. ie linited
<'to teaching concepte which are amenabae to eValuation by obJeo- ‘
tlve, short anawer queetions which repreeents only e (enall?)
part of the desired transfer of knowledge betwesn raoulty uenber
and student. & ' - - e I

In order to refute or eubstantiate theee sueplolone

1, The variance of final examination grades for the P.S.I.
section was smaller than the variance in the final grades in
the two lecture sections combined and smaller than the vari-
ance in each lecture section separately; however these
differences were not statistically significant, The variance
test can be found in A,M, Mood and F,A. Graybill, Introdugtion

o_the 0 istics, 2nd edition (New Yorks Medraw
HII1 Book Company. Ina.,, §§63), Pp. 307-308, _

L
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. ‘ . . \
empirically it was neoeeaary to tranelate then into hypothesis
tests.: As a firet step tho score on the tinal exanination wae .
'\dieaggregated into four eub-eeoree. The tiret three soores. vere
- the mu ually exclusive scores echieved on each of the threc parts
~of the exemination. The main element of ditferenoe enopg these i'
parte wie the oonplexity of the queetione and the tine alloeated
to doing then. The, tourth eubaoore was the total nunber of pointa
aooumulated by the etudont on the three queations which were less o
| oriented toward problem eolving and more -oriented toward a dis- |
fcuaeion of the iesuea. Thesae queetione_were in an_ecnay_torn;t
and elearly more aubdectives These three questione'reqﬁifed the
etudent:; (1) to dieeuee the underlying value judgenente in the .
\i econonic: ooncept of effieienoy, (2) to oxpi,in and eritiqne the
position of the New Left ecoriomists on marginal produotivity
t’theory and the incone diatribution snd’ {3) to trace the. general
~ equilibrium errecte of a partioular teohnological ohange on
verious eectore of a three aeotor eoonony. |
,? " 7 Por each of these four dbnponent parts or the final
examination the uodel wae reeetinated with the dependent variable '
_belrg the score on that portion ot the test and the independent |
. variables renaining as they were desoribed in Table II. Then
Lo the two hypotheses desoribed above were touted on those four new TC
| i;:) -\ sets of data, The test that the P.S.I, method did not make any o
difference could;pot be rejeeted for any eonventional level of |
' confidence.1 Similarly, the test that improveuonte in final
“1. The P‘valueaEvere'reepeetively’--u.#OI. Jbs, 054 endb.lo6.;

‘ 7
<« . ."/
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examination scores attridutable to tﬁa P.S.X. technique were the -
saume for. students wlth dittering past psrformance racords in |
econouice could not be rejected for any oonventional level of
conridence.1 _ _ ,
| While thoso rindings are consistent witn the nmore gonoral

hypothesis that the P,S.I. method ie not severely hanporod by tho : ,

necessity for the unit tests to be of the ahort. obJootivo variety.; f
-4t is important to report the measured ditforoncee 8o that fut"ro i

experiments oan doternine whether or not they poraist undor‘ )

_.repeated experinentation. |

TABLE 1y

Eetimated Peroontage Improvement Attributnble e,
to the P.S,.I, Method by Students of Differing o
Abilitioa on Componont Parts of tho Pinal -Bxan

| e ' Componsnts of tho~Exan1na%ion‘:A;af’" ’
Past Performance ' Short Medium  Long'.

. inEoonomlos  Answer Angwer Anawer Hsmay
- Highest Quartile = .  5,6% 10,85 1.1  5.8% .
 Upper Middle Quartile 5,9 Bk -0,4% . 338
Lower Middle Quartile Giiﬁ 3 5.8% —2:5’ 0,5%

Lowest Quarfllo | - 6.5% f\'2.05" 7% =h,2%
Tho'inforndtion~in Table Iv‘points out that the diéttibu—
tion of educational benefits wae affected by the type of question

) ‘ - - S
1, The t-values were respectively ~= 050, .488, .262 and 420,
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agked, On the short answer questions,” whieh were the ones most -
11ike - the formet of. queetione found on\the unit: tests, the etudente
with the pooree+ paet perfornenoe reoord were benetitted ner;in-
'_ally more than etudenta with superior peet porfornenee reoorde. o i
| fﬁrhie effect. however. wase offeee\by the reet of the exenination.» ;.
" As the examination queetione become longer. noY'e, eonplex and .
| less structured the poorer etudents did reletively less well- .
 Por the eeeay questions and the long anewer questions apparentl:
" the poorer student would have been’ better ofr in a leoture
;ieeotion. . VR e
’gff4 o Although _; pgg; retionalizations of these reedlte st
‘\“be regarded as extremely tentative, in retroepeet one expianation
‘seems quite plaueible. Maetering the material too; a greeter .
,input of time on the part of the poorer studente.l AB a reeult . ‘i B
they had to keep up a- oonetent paoe in order to rinieh the eeﬂiee fﬂ i?
on time. They were preoccupied with paesing the unit teats end |

"~ virtually ignored the diecuesion questions on the units. Th re-

- fore they were not able to. develop their powers of generalis ion ’
‘ and analytical reasoning in an unetruotured environnent to .

same. extent as their colleagues with eimilar paet perroraenoe .
records who were taught by the lecture method. o N

The students with the best past performanee eeorde,'enu,i'f |

the other hand, could maater the material in leee time eoffhey’
had more time to pursue these more diffioult eduoational obJeo-“
tivee.‘ They diecuseed the eeeay queetione with me and uith each '

other and in the prooees eharpened their generalieation skille,




e out deadlines fer eompletion.

‘dimensions.>

In short tﬁey'wefe able . to eapltaliie on the roruat er the P S I.

to accorplish a broad: range ot edueaaionnl obJeetlvel whereas )
;he elower stucent wag not, - If theee conJebtures are valid, they

 may weaken the case for P.S, £. courses taught wlthin the regular

eemeeter and etrenbthen the case for P,S J, eeurgee teught with-

LY

Performance on final examinations is not the only eri-

:'terion by which the eédvcational process can be or should be
7Judged. Other signitieant faeete inolude the degree to which
'ithe oourse taug\t the student to pursue the eubject matter . on
‘ hie own, the degree to which the course taught the student nev

waye to underefand and evaluate probleme and the degree to whioh

;f .the course providee a baeie for dieeueeien outside the claeeroon._
’ fi?‘eourse evaluation 1netrument used at Williams. which was

8 deecribed above, providee one considerably less than perfeet.

but nonetheless userul, vehiele for . aeseseing these other

Table V' eunmarizes the inrormation from the course
oriented queetione in this evaluation form, The table givee the

x
v
—-——_..

1, Inevitably questions will arise about the evaluation inetrument
and whether or not student perceptions are apgourate and if
they are accurate, whether they are important, My own e;per»
ience with the evaluations at w1111eqssie that the students
are very perceptive and I tend to find“them informative and

“useful, In :{ opinion the foeeibility of experinenter biae
~ 18 a potentially more damaging oritieis

g



TABLE .V

Student recceptions of Their Bduocational-
Experience in the P,S,I, and Lesoture -
Sqotiona ‘ | T

4

P.S, I.1 Leotured Diftorence of
g_axﬁ__s_azzsxgrig_$s " Mean - _Mean Mssns.i_xz,__

" ‘' maught me to pursue 5¢59 - 4,36 - T R2,93%s | o
, subject on my own i ‘ | .
Stimulated me t6 dis~ 5,07 3.81  3.69%w
: ~ cuss the eubjoct in s
~ " general conversation I o
| Increased my appreci- 579 | 4,73 ' fol2ee
ation of the subject , ' ,
Course has taught me 6,00 5,45  1.70%

new ways to understand
_&nd evaluatc problems ‘

overall rating of the » 6,30 b;96 ’ 4y, 350
Educational value .. ° L S

lthese are based on an ordinal gcale from one to seven
. with seven connoting outstanding.

.
' *’Significant at the 95% level of confidence.
}"’f *Signifibant at the 904 level of confidence.-

o _ | < C .

o meaﬂ for eaéh method of teachlhé‘and the yalué_or the t-ratio o
which is the statistic used to test whether these wesna are
different’in a statistlical sense;. The P,S.I.,sécfion recelived
a higher rating on all dimensions, In four of the five dimen-

- sions the P.S,I, mean was signiricantiy highor using a 955 level

ot confidéqce and in the remaining dimbnsion the P.S.I. mean was

} significantly highertusing a 90% leﬁel of confidence., _ l

As one thinks:about these questions keeplng in mind the . e
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. method,ueed'in P.S.X, the statistioal superiority of the P.S.I,

- My mot1Vation in this course -

may be surprising, 'Po;.exenple. one hypothesis could have been
that one of'fhe\eoeie of the highly 1nd1?iduelieflo ap ‘loﬁ
‘embodied An the P S.I, would be a drop in the interaeti[o‘emong
students since the students could conceivably bo proceeding at
quite difrerent paces, Ae -ghown in the second row in Table Y

»

+he students in ihe P.SeI. eoetion perceived themaelvra as being
more etinulated to discuss mioroeoonomice out of class than did
their colleagues in the lecture seotions.
. In the final qqeetion the etudonte were asked to eubjee- |

tively rate ths eduoationel value of the course. The P.S.I.

' sections pereeived-the course to be of gqeater edueutional'value'f
. than did their. colleagues. The course e&aluation fo! aleo eake '
'the etudente to deeoribo their degree of motivation for the
course by categorizing it as very high, high, moderate or low,
The responses to this queetion by method of teaehins aro glven

a8 table_VI. About 92% of the studente in tho P. S 1. eeotlon —~

i\ ' TABLE vl ,
Student Peroeptions of Their Degree of

uotivation in the P,S8.I. and Leoture .
Seotio - _ e ’

_ ?ery"high o S C3n0 135
: High, : o, » - S 55-6§-> 42,3 |
Moderate - < 7 30,8

: ',-L'SW - : k - e | . 13.4



proc;aimad themselves either nighly or very highly nbtlvatod
~while only 56% of the lectﬁfe“sootions recorded a similar degree o
of mbtivation. While it canhot_be'deternined. given the way the . '
question was asked, how much of this difference in notlvation r
was already present at the beginning of the aonaater, the aif-
?ferenoes are striking, The studonta 1n tho P.u I, aootion
‘perceiveithomaelves to be on the whole much more. motlvatod than
déd their colleagues in the lecturs sections,
- The final plece of informatlon contained in the course
] evaluation 9&8 a &vestion?whioh asked the studonta in rotrospeotff‘
to choose the method of teaohing.which they would boliovo to be
the best for conduoting the mioroeconomic theory course., The -

‘tabulated responsps.gre,presented below,

TABLE VII

Percentage Responses on Dosircd Teaching
Technique for P.S.I. and Leoture Sections

- This course would be best conduoted = | :ni .

§§1~ — — : Ih§414 ’ Lsa;n:s ,
Formal Lecture .+ 00 k4o
Informal lecture with discussion 3.7 32 0

PSI. ‘:H’ e y;' I%g‘a IU%*%

. N N
a : ) v

: - 5’ .
0f course in a question of this sort there in probably always a

tendeQ?y to prefor the mothod ohoeen.\but onoe again the ditror-
Senoes are atrixing.~ Only one poraon who took the P S.;. would
‘\have preferred a variant of the loctura mothod. but almoat one




\
quarter of those in the lecture seotions felt, in retroapect,
that the course would‘bo boat*taught by the F.S.I. method,

s

 Diming Flexiviiisy’

One of the desirable aeoeota of a f.s.x.‘nethod is;that
it provides any atudent who can naator the matarial at a iata
7taa£or than the pace taken by-thoktbaditional 1eofure method
with the opportunity to aliooate his atudy time in a manner cona
sistent with hia individua- program, The relevant qnestion.
however, is whether this option is used to any extont by the o
students, If not, the timing tlexibiiity ie a more apparent than
weal advantage. | | ' ' ’ q
-~ The records kept on when eaoh student passed sach unit
’indicate considerabla diversity among a{udents‘in the time
phaaing of mastering the course material._ Nine.of the thirg)

two poraons finishod at leaet one month ear.ys 'Foﬁr more f

| ished thre weeks early. Two did not oomplete all- the unita.
but one of theao wag bedriddon with mononuolcoaia during a good
share of the semestor.',' ' ' | .

An analysis of the persons who rinished at 1east a month
early reveals, not eurprisingly, that they were all B+ or above
,atudents in economics in the paat. Not a1l such utudents.

.

B T Thia dimension of the F, S I. exparienoe oan oithor be oon- .
- sldered an output, dosirabie in itg own r ght. or as an input,
desirable only to the extent that it leads to superior per-
formance. Its inolusion in this reﬁort as an output reflects
~the author's judgeuant on the rela

,R~_poeitions. e

tive merits of these two
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o QEVever. ohoee this rapid pace, The student who had oonpleted ’
the feweet number of unite (L) when the tirst perason to complete -
the course had finiehed was a stralght A etudent in economics,
Thig once again reinforces the point that the eelt-peoing teature
uvf P, S I, is a featurs which appeare to benerit wostly the etu- :

dents who have already demonetrnted a euperior oepebility in ‘
"economics. . ' ‘ : - S

e

i{

Since eight of the early finishers took an early rinal.
it 1s possible 0 statistioeliy test the propoaition that there

“»

: was no, difrerenoe in pexformanoe between those who took the eeriy .
- éxam and those who took the regular final Table II reveals that -
.on average the early finiehera did not do a8 ‘well as those who

- took the sater eramination, but’ the - differencee were not stetiatio-‘

: ally signirioant. examination of the eeperate reeulte for
euch of the component ‘partes of the exam’ queale that the eign o:

 the early £inal variable wae positive on the ehort answer pore.

e — it ¢ A 5

tion of the examination and negative for the rest of the exan, ;L R
Since the early riniehere used less tine to oonplete the oourse.

this result is ooneietent with the above oonjeoture that etudents . i

| who are the mnost preeeed for time eeoririoe the lore ooupl*oeted |

L educational objectivee in favor of maetering the more obdeotive. ff
ﬁ_ﬁlese general concepts, »

VAR ume t- ac' t e

WAL N L 7 i et e s

‘““.‘ Anothef or the alleged benerite or the P, s I, nethod ie g'i_ .
| nthat it foetera a penefioial individuelized contaot between the nljf j"
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student and the professor. It fostere this kind of contaoct by
(1) releasing faculty time from lecturing and naking that time
available to students and (2) by meeting with the students in "
the olaeeroom where any reluetanoe to visit the proteseor in
h13‘3331F9 can be oircumvented. The oourse evaluation torm“ o
~allows us to test whether this benefit ie empiriocally supported .
_ By this eXpariment. One of the questione on the evaluation ‘
| inetrument aeked ‘the etudent to rate the value of individual kﬂe
diecuesiens with the instructor on a eeven point sdale as to how ,
_kmueh they had learned from these discuaeione._ Those who had. not
| had such diecuseiona were. to eheok 'doeen t apply. Thig quea-\'
tion allows ue to eheek both the degree of fqéulty-atudent inter-
",ection and- the pereeived value of thie 1nteraotion to the 1earning

K experience.‘ The. reeulte are preeented in the Table below. f

N , mmvm \ Y

\;‘ A COmparieon of the Degree of Partioipation
in and the Mean Ordinal Yalue of Individual
- Discussions -with the Instructor ¥n Lecture
o, - and P.S.I, Seotions
~Percentage Reporting . ) .
Individual Discussions . : o 74”1 '47‘4
Mean Ordinal_contributioﬁ | L ," - - '
to Learning (on a.Seven Toint - 1Y & 3.7%

Scale) ‘ L

~ Both differences are significant at the 99% level or eonykdenoe.l,'

 ‘,,1, The teet_to compare the pereentages can be round in Taro y.,,ne';iir
o Bt S8, rody e(New Yorka Herper & Rev,j_ﬁ
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It would‘appogr fhat at least for thia oxporlioﬂ?\ﬁho PSS - -
‘method does foster an indlvldqgllncd ttudtnt-fnoulty rolltlonthlp

and that thia»rulationahip is porooivod by the students as being

somewhat more oduaational than tho relationship fostered by tho

lecture mothod.l

.\‘

IV, An Analysis of the Inputs

.‘%3b ‘The relitionShip botweoh inputs and outputs in the P.S.I.-'f'
‘method is nbt the qﬁno‘aa in a regular lecture oourse, losf of

the' input differences would be raflooted in differonooa in the -

uonetary cost of runnins the course, ‘but two would not --

ffaoulty time and studont timo. Fnoulty time 18 not fully re-

rlected in the cost because tho 1nstruotor is pald in terms of
the numbor of aections taught and his salary ie. in the short

run at leaat, not cystoaatically related to tho amount of tihe
"that he or she puts in preparing for that olass. Thun two feachs

ing techniques Bay: appour to oost the same when in thet one), by

L its very naturo. takes nuoh more time to proparo. For thﬁgi
')-roaaon faoulty tiuo will be oonsidorod neparatoly. .

Sinilarly studont timo 18 not part of the monctury oout.

Sinco the P, S 1. method. raquiree tho atudont to take a uoro

activo role in his oducation. ho or sho Bay well havo to work % .
‘ ;harder. which nay afroct hia or hor othor courseu. Thorotoro.»

T STRde this result oould: be eonsitivo to the faoul ty ndmbers Lunln

‘ involved. the values f r each of the two lecture seotions vort(T~
examined separstely., The differ¥nces ars alyo statistically .
aignificant ‘between the P 8. I. seotion and eaoh ot the othdr e
two pootiona aeparatoly. e L L

A~
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the demands on studont tine u&de by this P, S, L. oourno and ite
impaot on other oourooa will also bo oxaqinod lopar;toly bolor

_ zggygjx_migg.' ot 1nteraat to taoulty mdnbort is the
quéétion. ;hbw ndch'tine-does‘it take td praparc,Q‘P.s.;. course
;’jas compared to-a regular lecture oourso?' Tho(fifat dirroftnoo
‘Abotween these two teohnlquos is that ror P.S. I. eootions the
‘workload tends to be redistributed more touard tho boginning ef -
~ the course, Geﬁorally it is roconnendod that at loaut ono-hulf _
'_ot the units ard unit tests be completed before tho class starts,
. Thd. conpericon of the: total amounts of ting lnvolvod |
B - doponds on, the oircunstanoos.l Aftor runnlng this prorinnnt
it is olear that the total time dovotod %o aottlng up a course
" of this type was on the order of one and ono-half timen a8 nuoh
a8 is devoted to qotting up & lecture courno the rirlt tiuo ono
<toaohea it. Por 1nctruotors who have bcen toaohlng thc lano
course for some yoare and who intend 6 teach it again with only o
| minor modifioations ‘the initial additional time. required to
.‘; switch to a P,S.I, méthod would bo nuoh groator.
| The -ain dinonslon ot tho P S, I. mothod whioh lci;t o
| this difforential is the noooslity for writing up to fOur aige
, forent tests for eaoh unit. (to allow for nultipla fall“rtl).‘
Writing this nunbor of toat questions whioh aro oonp:ohOhnivo;

B .
A S + S, . . H
' N Y . . a - * %

. . o o
1. The tino aatinatos in this sootlon are based not on a motiou-

S lous. time budget, but rather on some in roasionlotio o
e estlmatos.‘ Thcy'aro rough and approxfﬁafgel p S
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‘fair and whioh satisfy the eduoationel objeotivee,ie:e airfioult
'propoeition. : . |

Kk

' However, once the materiala have been developed the tlime

devoted to the .,S I, method would appear to be only uinimally

: higher asg long es the baeic etruoture of the course remained the -

_8ane, The reason for 1te being minimally higher ie that modi-
fications of the course are slightly more difficult in a P.S.I,
course since they have to be cerefully pewritten forvthe'atudent
>‘whereae>in a lecture course it io poesibie‘to‘jot the‘ohnnge E
down on the lecture notes and deliver the enbelliehnent extenpo-
,raneously. In siort once the initiel time hes been spent in -
_getting up the P.S.I. oouree the firet tine thy faculty time
,requiremente appear to be~on1y merginally higher for an instruc-
tor reped%ing a oouree regardleee of vhether he is repeetins a

- P.S,I, oourse or a leoture courae. "6

Student Time. 'The'oouree evaluation form provides some

=information on etudent perceptions of‘the wofkloed ln a P'S’I. v

- course as ooupared to the perceptlone of students in the 1eoture L

eectione.- A8 refleoted in Tabﬂh Ix it is o;ear thet uore of
?the P.S. I, students perceived their worﬁloed as being heevler
“than\average than did the etudents 1n the ieoture seetlona.»]
Although the etudents seened to flnd thie extra work’

‘ ;eduoationally well Bpent. a8 disoueeed above, the\qg;ntion re=

' mains ae to whethor or not thie 1noreesed workloed would lower'j~

: student pertormanoe in other eouraee. To anewer thie queation  -

of‘the grade po;nt average for the other oouree' teken‘duripg_the,-

b3
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| TABLE IX
Student Porceptions of Workload (Per- oo
_ oontago) :
The workload for this course in ; , A .
relation to othef Wiliiame Courses 1 o .
wag ‘ ‘ — - Rafida  Leoturs
_ Much 1lighter | o 4 040 _,2;0
- Lighter o 10,7 11,5 .
" About the same | | S 204 . 57,7 |
. Heavier ‘ . , | 64,3 25,0
' Much Heavier I o A —3:6 . _3,8 E
S Total . ~  100,0 . 100,0 L

o -
. .

same sepester aa the microeconomics olass was oonputed for every .
student in the sample.- Then tor tho totul population this other
course grade point avofage was rogresaed asainet (1) the: oumu=~
~lative. grade point average at tho boglnning of the seaoater and
.$(2) a binary variable 1ndicat1ng whether or not the student was s
a mexber of a P S 1. section.' The results of this estimition ;

weres!

. | 2 :T
= 1,83 + .78 - N
| 0, 3 (! ZOZ)CI gY)Ri R=n 35 )
where 0i the predieted other course 3rado polnt avorago.

’ Cy ! the cumplative grade point average for the ith :
' 8tudent at the beginning of the semester, ,

- Ri w1 if the student was a mtmbor of a P,S, :[. s ,
,aection. ) otherwiso. '

\" ’.;i_‘( o
Tho P.S;Ia-stuienta did better 1n their othor courses

1 The numbere in parentheaea aro the standard errore of the
’ cosfficients. o : , ,

A

A -
1
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than would have Sgen exp‘otod purely on their grede point averege,
but the_differohooiia'not statistically qignlfldant.» It would

certalnly appsar that the P.S,I, method 4033 not detract from S
the other ocourses, | - I | | J

+ - . .:1 . ' .
Qog !g o o’ \ ;?"

Thé maknlele&onta of cost are the materi;l éost ahd labor
- costs., The labor costs will differ aocording to who ‘the in-
-struotor is, his rank and 80 forth. " The following rough estl-
mates of per studont costs are bcsed on the aasunption that the
lecturo section and the P.SW1, seotion are boinﬁ taught by junior
aseistant profeaafrs edrning $12 000 a yoar for to;ching five |

' scctions.

' . . - L e,

. TABLE X

A Conpariaon of Per Student Costs for
Leoture Seotion vs, a P,S.I. Soction

L R lesture

- Typing of uatorials | $.2.17 ¢ ,25 o , ,
Duplication of materials 2.5k o, _915 o >j | gf ";‘f
N Faokity Pay 80,00 8000 T 4 .
" futor Pay | 222,00 e j‘»i‘ ;-;\é;

© $96.71  -$80.40

- S S S o 'i'j’":f
R These figures ausgest that & P.S.I. courso gtruotured like tho ?d“"
| ~ one deacribed 1n this paper costs about 20% more per student

e than tne convontional lecture courae 1argely due to the cost ot
A e : e ;
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the tutors., This could be modifiéd; of;ooursd. by finding
,nonhdnetary ﬁays to oompoﬁnate t;; fhtora (0:809 by 6£roriﬂs§thon
some sort of course oredit for tutoring rather than aoney),
- ~ Since the typing oosts end faculty costs are fixed nnd
the romaining categories are oharnoterized by conntant nnrglnal
, cost, it follows that the average o9st per student of toaching
this oourae by the P 5.1 method declines asynptotically to $14 54
',por ltudent ror a olass containing an infinite nunbor of studenis.
| Although toaching a eection by the P.S.I, is never cheaper than
a leoture seotion of oquivalont size- tuught by ono faoculty member.
‘because the fixed costs are larger. it does. offer a kind of niddle‘
of the road altornatlvo to tho chuice betweon one very largo |
lecture seqtion and more than one small section, It oan iy b
thie role if it can maintain ‘the klnda ot porrornanco etandarda
‘0f the small sootions whilo using only one raculty nomber in |
»conjunotion with tutora. It should be noted, howovqr. that thie

kind of approuch would nako the inetructor much losu accosaiblo R
1 Tne uonotary aavings :
would be balancod by a reduotion in tho accesslbility of the '

to the avorago student. in the olassroon.

'inatructor. ‘ T RN R .

13

’ l. A logical critioiem of thie point would be. "if poftormanoo
is not affected why should you care about adcessidility? Attor ;
all, isn't it only agn input?" : My concern with thie logid ~
arises from ny rira bolief that not all educational outputs S
. are measured., A case in point would be. the disoussions with .
" students about tangential points which interest ‘the ltudonto. i
. The value of this kind of discussion.is to draw the student -
e f . “into thinking about economioc problems more deeply than he had
L before by taking advantage of his interest in this subjeot,
- This kind of interchange is- motivating and valuablo but rarely
b noasurod by s rinal oxau. : . e

'\‘ e
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A - V. Sunmary and ‘Conclusiops |
‘ L A

» 1

- . -
| \

, 1. There was no atatistiéilly signlfioant diffbronco
between the porforaanoe of the P, S I.,atudonts and the leo!

| atudents on oither the final oxauination as 8 whole or on- any of

its oomponent parte attor controlling f9r etudont oharaotorlatioa

| and the teaching experionoo or their prorossors. T - -\’

2, The diatribution of eduoational benofite anong atudentl

-

»"

-

with differing padr t performance records in ocononioo uns not unl- \\§‘;
e

ab,

ences were not statistioally eignificant oithor. Tho atudcntl L

with the poorost past porforuunoe records aoorod bottor than aL

their oolleagues in the 1ecturo poctiona with equlvalontgfcqorda~.f’

on the short «answer objedtive quostions. but 1opa wpll oq\tho

-

, - 'l:w"‘/. \) \/

' N,
rorn among oonponont parts of tho examination. but -these dlftoro'p,

, longer, more subjoot}vo quoafions.,< "%%1 T r4 s Trar N

4
-~
s

t
¥

3. The stﬂdopta in the P, s I. goption porocirod thonlolvos 5"

. to Dbe doriving signifloantly nore eduot%ional vnluo froi th&
'._cou;ae than did their oolleaguea 1n tﬁb 1qsturo segﬁiona.«;?iEAE Jf“

“' - kx4 e "\
.

%, The greatost use of t@o floxibility lnhoront 1n tho ?;.':
eolfapacing teaturo ‘of the P.S.-, was made. by tho studontn who

had dononstrated suporior poftornanco in ccononioa in the paat- L

" The slower: studonts worked ag\h ateudy pace,

\ ) . Q\‘ B oo 4 .

5 The R,S.I. nathod\gegn& to enhance the valuo'of

Te
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AN ' . '
individual discussions between 1natruotor and student both ‘by .
'uaking this learning exporionce more availnblo to students and

by nqking it a rore valuable part or tho loarnlng procens.

o w . 6, Te faculty tiue required to develop this P,S.I, course
from goratoh was roughly one and one-half times grcuier than the .’

tine required to draw up a lécturs course from aoratoh.
. ~

7. Once .established the faoulty time requirements for
repoating aPp, b I. course appeur to be only slightly higher than

the tho requirements for repeating allooturo,eource.

.

. ) 8e A mudh higher ﬁo:oontngo of the students in the P.S.I.
. L] ‘ .
‘8ection viewed themselves as working harder than aversge on. thie

course than did the athdentd in the lecture sections,

9;‘in‘sp1to of this inoreased workload the P,S.I, students

did better on their other courses after controlling for differ-

" ences in student abilities, but this better porforwanoe 5.8 not /
..statistioallw significant, ° | -

10, For the way thia exporihent was conducted the monetary
cost offadninietoring'the ‘course was about 20% highor'?or student

for th /,p 8+1. method than for the leoturs mptnod. -
, “ Qono;us;ong ) A SN
In conolusion neither ‘the most damaging argunonts against

‘tha P.S I, system nor the most compelling argumenta for it were
upheld by.this_axporimont.‘ It does not appear to be 1nhoront1y

. ‘

\‘ -
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biased toward the acoomplishment of simple eduoitlonal 6bjoc- -
tives, Nelther the areas on which 1t achieved better roaults
\g than the lecture method nor the aress on whioh it fell bohind
' the results for the leoture pethoq were characteriszed by differ-
ences largo enough to bo statistioall signifioant. It does not
appear to provide a boon for the Aelog average student as,lqhs a8
" the course must be completed wit in a deadline, |

It does, however, provide an altornativo sducaticnal

option which, while not dominating the other uothodn. does seenm

. to offer students a choice which they value, Uéed prudontly the

3

P.S.1, nethod can make a valuable addition to our arsenal of '

teaching techniques in eoononics.- This oontribution oan ‘either
take the form of roplaoing certain lecture gourses by P.S.I. or
' by adopting one ox more of the P,S.I, features for 1noorporation

into a conventional lecture course,

1




